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TECHNICAL MEMORANDUM 'I'M- NW'l'.Q16805

1. EXECUTIVE SUMMARY

The impJemellcatioa of the Adnactd IIl"lliSlac Netwrok (AIN) wiU i.,reduce &d~itioaal call
sdup times tor customers eDcouaterin, AlN.related services. For lD&Ily services fohia addieioGal
tim. will simply 1M idle time, which "ill be perceived by ~u.stomefl U all iDcreue ia POTS ea1l
setup tim.. It is desirable thac she a.dditioaal secup time experienced by these eUMOmers be
beld to & miDimwn ~ 'Yoid decr.adI.&ioa ot cuscomer opiaioa. [c hu beell proposed that 'Ile
performance objeccin Cor this &dditioD.&l time be .. maximQID of 1.5 IeCOllcUl. To Iyalu&se the
tlect ol tllis additional time OD eucomer opiaioa, the elects or additionl ea.ll ..cup tim.. of
1.0, 1.5, aad 2~O secoada we~e evaluac.d asiDe thr.. call.cup time modeJa.

Ia lell.ral, the ualysia .hoWlt that the reductio. iD srad., or .,TiCI (% Good or Btuer} ,aciap
may show wide variability depeadiDg OD tb. cun-atl,. obIened POTS (plain old telepaole
service) c&lI letup tim. ..ad ~he mod.l ChOliIl. The tlI&ilft&~ Oil tb.e redaelioD ill grade 01
~ervic. are bl.Hd OD ,h...amptiou 'lit.' iDitial eUfa dela,. will be ill the raas. or 1.0 \0 2.0
se~Dds.

It m' coacluded tba.t a.dditiooal .tudies mus& be coaducted to reaolve direreDteS ia the three
models predictioDi of the .f.e' 01 &dditioll&l A1N can ,,'.p time Oil POTS cutem.r opillioa.
The resulta of theee Rudiu will product .. reliable model 01 opWoa aDd a.Uow tile of'lia, 01
AlN se"i~s with CST perlormaace acceptable to our c1l.lCOmtra, &lei ean be used to determille
recomm.aded perlOlID&DCe objective. so that AlN nrTie" do aot iD&roduce exctlliVI caU .'up
delays u happeatel with 800 Data B.... Service. a.ad to support tfle Bee. in call M&UP time
replatory prOOtediDp.

PROPRIETARY - BELLCORE AND AUTHORIZED CLIENTS ONLY
ThiI doc:um.\ ;we-iDa propmcary lalorma~ Ui., _n

be 4iMlibutecl or fOlIr.ect olll}' witlWl Bellcort
alUi iu.~eJitAIi. tulpt

wi\h ..n~ petmlSllOR of BeJICClrt.

1



TM-wr.Q1660S

2. INTRODUCTION

JulY' 11. 1m

Adva.nced InteUicellt Network (AlN) is " service jnd.pelldtDt arcbit~ture which e... quickly
aDd economically introduce new celeeommQuicatiol1 arvices. AlN is baxd on dil~ribl1&ed <:&11

. processmc. toDd u a result some <:&111 may experience inereased call setup 'we (CST) d'lav due
to exua. siIDa.JliDI a.nd prete.iD,. For uample~ suppoee Albert wUlI to pJac. a pJa:n-old
~tlephone service (POTS) cali to his friend Benja.miD. BeDjamin. ~he termincinc party. is a.
Illbecriber of loa AIN reature called term.iIlatine caUlCreeilUls. To r.a~ure allo",. Benjamin
~o' ac:reen a.U incoming ca.IIa ~ his line. A:s , ,eul' of this ecreeniDg function, Benjamia'l fdead
Ina, think tkat hil POTS ca.ll is taJciDl loDger to "cup than llSUal (becauae hit ull iI now
being screened tor l.CC!pt.a.nce or reiei:~ioD) ..\1 we can lee. AlN .."ices can incrodllet exu..
delays tha.t .. typieal caller may not expect, due to .pecia.l prcetaiag UIOCiaced wi\b the AIN
a.rchitee\ure.

This papu rocuu OD ~b. effect o( thia type of initial CST deJay OD ori&iDacing POTS
customers. Notic. that a.11 orili...tiDc ea.ll requiriDI AlN intervention (for exam.ple,· g78
sereeDmg with terminating call seretaing) may experieDc'e even loDger CST delays due to
ptoeesriDg both a.t t.he origina.ting aDd the termlnatiDg end of the call.

Ally new CST dela, ca.n afect existing Stade oC _"iet (GOS) quaUty u u:pra-d by customer
opinioll mod,.. Grade or ..nice quality ,.len to the pereentap oC UMrs who would judee the
quality of a call to be good or betkr (<roCoB, ,cod or exeelknt rapoUH) or poor or we.... .
(%PoW, poor or IIllsatwacsory rapoaaes), based OD one or more criceria. It iI weD knOWD \hat
grade olltmce provide. a. meaDiDstulway to deacribe cUiCOIDer _'_attton with a ",.ict.
The objective of this paper is to praellt the eHimattd redaciiou 011 COS rt.tiAp th..t may
renlt wilen addi'ional delays are iotrcductd on POTS caUa.lu relereDC' {ll, a preJimina.ry AlN
CST objeetive of 1.5 seconds &bove POTS is propoltd .. a pideliD. Cor aUocacins the r.poue
time. of AIN aeswort tiemenca IUCD &I SSP, Adjunct, ud SCP. Therefore, ~hia paper focula
OIL additional del..,. or 1.0, l.~, or 2.0 IICODdi aboY, POTS.

ThIN estimated. reductioDl OD COS ratiap caD. be used to t.elp .mci detipln to MIaI ~e
performance impt.Ct thai the initial AIN-added. deJay (or 1.0, 1.5, or 2.0 secol1ds) will bave CD
customer aecept&bilit)'. These estimates a.re bued on previous POTS Cr..de or Se"ice da'. &8

described, below.

3. PREVIOUS WORK

w. ha.ye ehoeen ~o study ,n ~bree major opiDioD. mod.1a tut exiat today. Since each was
deriyed from data coUected UDder dift'ereDc settmp it is poalbl. to compare the estimates
&Cf<Iee tIM modele \0 siVI us lOme feeling Oil the opiniol1 raciAl bound,. Below an some
ba.c:kgroundl OIl tbe models.

3.1 KORT MODEL

Kor~ 131 $Itup .. labora~ry I'ud, in wbich people played a lame 'bat req,uired them to place &

series or e..lla to u experimeJUer. For each <:..n, CST a.nd other switehiJlC and traDlIDiIIioD
parameten were maniplllated1. A~ tbe COIlc:hu,iolt of tbe can, subjeca rated cODDection quality
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usias ~ five-pOint eatelory ratins leale. UnI4tiJ/4d0tJ, poor. Jait. gooJ. ud acdlcRt. Aft.er all

extcusive &oalyais of the dIu... the r"Qlts of tbil experimen~ were IWld to develop & call
colDpletiOD. opinion mod.1 [61. Thit allowed a model to be ,.aerated whicb apeciled the
relaticubip be,weeD call ae~up time (CST) &ad user opinion. HoweYef. the plleraJitJ of ~bis

model m~y be limited btC&UIe it is bued Oil d~t& colllCted more than fiFteen ,tarI acc
Customer expectations or acceptable network performanci m~y bn ebupcl siDee the••
Another concern is tbat. IS in uy la.boratory stud,.. the ."Udity of '.e model is depeadelc Oil

the extln, that. ~he lubie~te beh.y" ill A. tabora.sory tDYiroarDeut ... "bey "OVolei UDder more
n&tur~l circumn&Dcea. Figure 1 UOWl 'he OOS curves tor ,11 three modell.

3.2 SYBlL MODEL

This second model combines some of the poIitin attributes at the callback iIlHt1'i.w aDd
laboratory experiment methodolacies l2!. In tbis ~t1ldy $OIDe of tbe ordiaary business ctlta
made by volunteer BeU Telepholle l&boracory (BTL) employees w.re rouud tbroup a
labora.tory facility where CST and other switehins &Dd U&DSCIl_ioll parameters wen
m.anipulated. At the elld of each com.pleted C&U. the ct.Uer received a rilllb&ck signa! waich
indicated chat he/ua should rate the .,ylC. quality of t.he call Oil a live-poillC cae-cory racing
K&le, uMGlif/adory, pOQr, /dir. g~o., ud "C,U,,.,. The da.t. obtained in tllW '-' w.r. later
\lied eo dnelop .. modal ot the .fect or awi"ii.Dc uci ~r&"'f;D.iIIion impairm••" Oil Ulf

opiD.ioD 1-4.ot. The leDe~lity or ~bia model ia Umitied bec&UH it ia hued OIL d~l.. collected more
thaD. .. decade ~gD, ud ia lb, scudy CST wy maaipuJated oD11 for iDtra-builcliDs e&llt. h
would be deairabl. c.o coaduc$ .. limilar study where ~e an' or ID&I'&- and Inw-LATA calli it
nried. Howe..r, tb. )..bora.t.ofY facility dncribed aboft is GO IoDpr ..,~ilable.

3.3 AIN-SCT MODEL

A stUdy ..... collducted ill lIse by the ~uthors i51 to charl.C~ elll&omef aatiICae'ioa with.
tbe 1lumber and duration or aetwork interadie... thaC may _. tor AlN calli. To &chine to,
...ria of N.'work AU&oIDatic. can Diatributioll (N-ACD) type can. were simulat..d ia ,h.
laboratory &ad lubjee" 'Wen ulced to rae. the onraU caU letup performance. ne ra,iAp, OIl

the same 6Y..poiD.t seal. lot above, "er. used to compute ehe Me... Opioioa ~ra &Ad the Fit
MeaDS, which in turll were ued to Lui." at a preliminary Service Comple~ioo Time:l (seT)
Opiaioll Model.

Th, reol' of the study ahom ~&c opiuioll nried at aD exponeatial '1lDoeticD. or tot&! Hnice
completion time and wbetoller or 00$ iatnadieD. were iIlYOJ,ed. .

While tl1ia s'1ldy provided .. good amout or iDUP& iato how the two vari&bl.. (IUlDlM' aDd
du,..tioD} m"r&c& in' deterDliaiDI .ubjectiYe opini01l r the rU1l1u ar••tm preliminary ud

1. 1hIlCoR ud Sibrl za.oeHJa iDclucil otJw lWi,"iac u.d ~ioI.perIonuaoe pwuuMn. For u.- ....
~ n.lue of .1 ...........ed for diaJ.w- d.lay. aAd to Rut oi ~ 1IMCl. Th. plM for the Kort 1locW it
balM OIl to~~ 0110 MClOGda.

2. [0 {Si, .. disUDcQoa iI .. lMt.... CST &Dd SCT. W\uiQ~..... Chf caller uad ua. af'.Oft Is
~ c.o complete aA AJN cail. thall SCT ia \IItId. whICh may iIlchicle UC1JOC'k &UGWlCfIUllC CUll•• dIoOaC
other eompoD'.ca of SCT. When no lletWork Illteractions art pnMDt.Id ill aa AJN call. SCT ill au1ocOa r.o
CST.
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C'lrlher ex~rimta.t& sho'lld b. conducted to vaUdatethe"obeerv&tions aDd proposed modell.

Geneu.lly. the gr&de o{ seMice in the AIN-scr sti.ldy r..Ua bftweeo the val'les predicted by the
two ochu CST opinion models. Posaibly» \be AIN-SCT Model mip' be the m.- valid of the
thrH opinion modela, sinee there it some rea.soD to believe that the Kert.Model undcJ'a'imates
the elei:t or CST on opinion. &Ad the Sibyl Model onreatimates ~.he ,Ieet of CST. \vh.foher or
not this is the cue must await the res'llt. ol a.dditioul nbjeetive ~estiDI.

3." LJMITATIONS OF PREVIOUS \VORK

There are lOme limita.tiou with the ule ol put OPWOD m«i.Ja &0 predict the impact of extra
CST d,la.ya 01 AlN e.lII. In the palt. the majority of the POTS calla were set up we Multi
FrequeDcy (MF) sipaling. The three opinioD models. described above, were buecl Oil opiaiou
provided by people whose expeetaUou ~ acceptable CST perform&ACe were ibduenced by ..
public network that Qled MF siptJing. In today's t1lylronmell. more ud more calla ..re btmc
UCllp using Ollt of bouJld sisaaUng. Le., the Signa.lill, Sy.~.m 7 (SS7) network. .~ .. reRl...
cutomer's expectation. or CST ma, be chancing. Thne new expeculiou may cauae customer
opiaioa ratiDp to elta.l1ge. Thu, &dditioul studies to (atller new clIS&omer opinioll data mar
be necessary. "

4.. AIN IMPACT ON GRADE or SERVICE

The moctela deriTed Crom the above three studies wefe used to predic~ the impact (i.•.,
rtductioa) that 'Ciditionu CST may have on tile percent fNC or War (%GoB). fA Fieur. " "e
plot t.he reGQctioD in %GoB resulting from an t.dditional 1.0 IeCOIld CST (due ~ AIN
proeeaing). Th. thr•• ell"" correspond to the thr" mod.... n. aipi6eaac .lape diltrtDtial
..mODI the mod... art ea.uaed by the met.hod in wbich ~he datI. ... collected for each model.
Th••r... withia t.h, oue.r CDn_ can be iilkrpreted .. th, "sipiiC.Dt recioll" where the trut
(or bess ..t.ilDa._ et th.) decrada'ion OD 'he %008 lies.

lIa Fipre 3 ....d .... we plot U,e redllction in %GoB c....d by addi'ioDal dela, or 1.& uel 2.0
llconde over the cur"ll~ POTS CST. For eXILmplt. in Fipre 3, if we .....m. that. loll addit.iolal
AJN CST 011.5 ReODda were ~dcled to a eUfleal POTS CST of 4 secODds, ~heD the S,bil model
predicA aD approximate 10% reduction %GoB racin", tbe AIN.scr Model predictl all
a.pproxim.~ 5% reduction ~nd ~he Kote Model prtdic:e.t all approximate 2.5% reduccioa ill
Good or Bet.hr racinp. Simib.r obetrutiou ca.n be derind from Figures 2 &ncl 4.

0_", tbM tohe Kert Modelia almost I.~ which mdleaus chat che a.pproxim~t. (2-3 ptrceDl)
reductioa is a.J.most COlUltU.~ reprd&e. or \Ile caftell' CST dela,_

AJ.o ZlO'iee tllat. the Sybil Model hu .. af,atin slopt whick impli_ that u the curnae CST
delay it lafcer. che percene reductioa is smaller. n. AIN-SCT mod.l predicM the op,.H
renl,. Out explan..tioll for th. dinrS'.' predictiou maJ be dut ~ dil'ena.' \lMr expeccatiou
about Dorma.&in e~ setup tim. (I.e., illtn.buildiDg VI. POTS calla). ner.Core, we maC be
careful witb tbeincerpretatioll of ,h. renlw pruellted here, .. will aa d_uaed below.

5. SUMMARY/CONCLUSION

Three opiuioll modell (Kor" Sybil, and AlN-SCT) were used t.o predict the impa.ct. that. may
result when extra. deJa.ya due to AIN proe..iD, a.re iDtroduc.ed aD mCllt £u\ure ca.lIa.
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III lenra), ~he ..u~yaia ahOM the. the reductiol1 ill ara.de 01 service (% Good or Exc:eUtllt)
ratinp may show wid. va.ria.bility dtpudiDS OD tht currently obllerved POTS (pla.ill old
telepholle senice) ~a.1l setup tim.. ud ~e model ehaeel1. The est.ima'.. on the reduction iA
%GoB ..re bued OD ~be Ulump~ions tha.r. ini\iaJ exua del..ys w1ll be ill the ruse ot l.0 to 2.0
secollds.

It is recommended that additional studies mUM be eondtae$ed to resoln diB'erellces io ,he t;hree
models predice.iou of the ef«, of addicioa..l AlN call setup ~ime on POTS ClIIGOmer opinioll.
The results of these s~udiea win a.llow the oferine o( AIN ""iees with CST per(orm..lce
a.-:ceptable to our cuscomef'$, and can be used to determine rec:ommta.ded performuce
objectives so thac AlN 5efTices do 11010 introduce excessive call .tap delaY'S IS !lappeaed Wi'B
800 Data Sase Sen'ice, and to sapport the aee. in eall eetup cime recutatory proceedinp.
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